Background: Impaired cognition is one of the most common core symptoms of depressive disorder. Eye movement testing mainly reflects patients' cognitive functions, such as cognition, memory, attention, recognition, and recall. This type of testing has great potential to improve theories related to cognitive functioning in depressive episodes as well as potential in its clinical application. Aims: This study investigated whether eye movement indices of patients with unmedicated depressive disorder were abnormal or not, as well as the relationship between these indices and mental symptoms. Methods: Sixty patients with depressive disorder and sixty healthy controls (who were matched by gender, age and years of education) were recruited, and completed eye movement tests including three tasks: fixation task, saccade task and free-view task. The EyeLink desktop eye tracking system was employed to collect eye movement information, and analyze the eye movement indices of the three tasks between the two groups. Results: (1) In the fixation task, compared to healthy controls, patients with depressive disorder showed more fixations, shorter fixation durations, more saccades and longer saccadic lengths; (2) In the saccade task, patients with depressive disorder showed longer anti-saccade latencies and smaller anti-saccade peak velocities; (3) In the free-view task, patients with depressive disorder showed fewer saccades and longer mean fixation durations; (4) Correlation analysis showed that there was a negative correlation between the pro-saccade amplitude and anxiety symptoms, and a positive correlation between the anti-saccade latency and anxiety symptoms. The depression symptoms were negatively correlated with fixation times, saccades, and saccadic paths respectively in the free-view task; while the mean fixation duration and depression symptoms showed a positive correlation. Conclusion: Compared to healthy controls, patients with depressive disorder showed significantly abnormal eye movement indices. In addition patients' anxiety and depression symptoms and eye movement indices were correlated. The pathological meaning of these phenomena deserve further exploration.
Introduction
Depressive disorder is a kind of mental disorder which can be caused by a number of factors, and that mainly presents as a loss of functioning with prominent depressed mood. In recent years, depressive disorder has caused the most social burden amongst all the • 327 • neural and mental diseases; [1] but its pathogenesis and objective diagnostic methods are still not clear. Eye movements can be measured with eye-tracking devices. The advantage with these devices is that they are easy to operate and save time. Also inhibition function, attention and other cognitive activities can be studied with eye movements through simple paradigms. Therefore, more research studying biological markers and the pathogenesis of mental disorders uses eye tracking. The common simple eye movement tasks used in studying mental disorders include the antisaccade task, the free-view task, the fixation task and so forth. Most previous eye-tracking studies into depressive disorder focused on the anti-saccade task, and they found that patients with depressive disorder performed worse in the anti-saccade task than did controls, which presented as difficulties in inhibiting reflex jumps [2] and increases in anti-saccade reaction time. [3] Hence, some scholars have suggested that the anti-saccade task performance can be used as a state biomarker for depressive disorder. [4] In the depressive disorder studies conducted by Kellouh and colleagues, it was indicated that patients had abnormal freeview processes with longer fixation duration as the most obvious abnormality. [5] However, there is still relatively little research about the fixation stability of patients with depressive disorder. Previous eye tracking studies of depressive disorders mostly focused on a certain single eye movement task, and the course of disease, medication and other patient conditions differed between studies. Therefore, whether or not individuals with depressive disorder have abnormal eye movement functions requires further exploration, and the relationship between these eye movement indices and symptoms also deserves further research. The present study used three simple eye movement tasks to examine eye movement features in a group of patients with depressive disorder, and analyzed the relationship between these eye movement indices and patients clinical symptoms scores. This study used eye tracking tests to provide further evidence in the ongoing search of an objective biomarker for depressive disorder.
Methods

Participants
The depression disorder group was made up of patients with depressive disorder were recruited at the outpatient clinic of the Shanghai Mental Health Center from September 2015 to April 2016. Inclusion criteria were the following: (a) meeting DSM-IV [6] diagnostic criteria for depressive disorder; (b) aged between 15 to 45 years old;(c) total score on the Hamilton Depression Scale (HAMD) [7] was above 8; (d) current episode was patients' first episode of depression and they had never taken medication; (e) patients were right handed. Exclusion criteria were the following: (a) patients had comorbidity with another mental disorder, including disorders listed in DSM-IV Axis I criteria and mental retardation; (b) being ruled out due to antisocial personality disorder after conducting Mini-International Neuropsychiatric Interview (MINI); (c) individuals with organic brain disease, nervous system disease, severe endocrine disease or metabolic disease;(d) people who have taken medication which could affect mental and cognitive functions; (e) those who previously or currently have a nervous system disorder that could cause a depressive disorder or impair their judgment; (f) those who have taken anti-depressants; (g) those with poor vision due to an eye disease. In total we collected and carried out analysis on data from 60 patients.
The control group was made up of volunteers who were recruited from around Shanghai via posted advertisements, the internet, and using the social media app Wechat. The control group and depressive disorder group were matched for gender, age and educational level. In addition, participants were evaluated by trained psychiatrists using the MINI in order to rule out any other mental disorders. All other inclusion/exclusion criteria were the same as those for the depression disorder group. All healthy controls volunteered to participate in this study. In total, the eye movement data for 60 participants in the control group was collected and analyzed. All participants in both the control and study group provided written informed consent to participate in this study (for those participants under the age of 18, informed consent was provided by their parents or guardians). This study was approved by the Institution Review Board of the Shanghai Mental Health Center.
Methods
Clinical evaluation
Psychiatrists from our group conducted MINI interviews, and used HAMD to assess depressive symptoms. In addition, the Hamilton Anxiety Scale (HAMA) [9] was used to evaluate anxiety symptoms.
Experiment tasks:
(1) Fixation stability task: before the task began, participants fixed their eyes on a black cross "+" in the center of the white screen. After the task began, they were instructed to continue looking at the black dot (the size was 0.5 0 ) in the middle of the white screen during the whole process, and ignore the disturbances of "*" and other marks on the side. Within 5000ms after the task began, there was only the central black solid dot on the screen. But between the 5000ms and 10000ms after the task began, "*" interference marks blinked on the left or right side of the solid dot in the 6 0 and 12 0 positions for a certain period of time. There were 10 trials in total. The positions of the interference stimulations were randomized so that the participants could not predict them. (2) The saccade task: participants first fixed their eyes on the black fixation point "+" in the center of the white screen. When the target stimulation (a solid dot or a hollow dot) appeared (at the same time, "+" disappeared), the participants were instructed to look at the target as fast and accurately as possible (if the target was a solid dot), or look at the opposite side of the target (if the target was a hollow dot). The duration of the target presentation was 1000ms, and the size was 0.5 0 . The angles of presentation were 6 0 and 12 0 on the left or right. There were 8 pro-saccades and 8 anti-saccades in total. The type of targets, duration and angle were all randomized. (3) The free-view task: participants observed the pictures freely under the experiment conditions. There were 35 black and white pictures serving as stimulation, including pictures of nature, social situations, still objects and meaningless images (e.g. arrayed lines, blurred noise, etc.). All pictures were presented in a random order with a duration of 10s. There were white screens with a black cross "+" in the center between pictures, and the participants were instructed to fix their eyes on the black cross "+" during this period of time. The total duration of three tasks was 15 minutes. All participants completed the eye movement tasks in the same order: fixation task-saccade, and then task-freeview task.
Eye movement data collection equipment
Eye movements were examined and recorded automatically using the Canadian SR Research Limited Co.'s EYELINK 200 desktop eye tracking device for highspeed infrared pupil tracking imaging and corneal reflection model. Participants were seated in a speciallydesigned chair with adjustable height. Their eyes were at the same height as the center of the screen, and they were 50cm away from the screen. They placed their heads on the special jaw holder so that eye movements in the horizontal (±30 o )and vertical (±30 o ) positions could be tracked. The screen size was 17 inches and the resolution rate was 1024*768 pixels. The current study collected data from the dominant eyes with the 9-point calibration mode. The program used in the experiment was written with Experiment Buildervisualized experiment design software, and the data were analyzed with Data Viewer.
Data analysis
SPSS version 19.0 statistics software package was used in the data analysis. For the no disturbance and disturbance conditions, the mean fixation times, mean fixation duration, mean saccade times and mean saccade path were analyzed for each test. The saccade latency, saccade duration, saccade amplitude, peak saccade velocity and the mean saccade velocity were analyzed for both pro-saccades and anti-saccades in the saccade task. The fixation times (i.e., the mean number of fixation times in each picture), mean fixation duration (i.e., the mean fixation duration for each fixation point), saccade times (i.e., the mean saccade times for each picture), saccade amplitude (i.e. the mean amplitude of each saccade), fixation duration (i.e. the total fixation duration for each picture) and saccade path (i.e. the mean length of the saccades for each picture) were analyzed in the free-view task. The measurement unit of duration was millisecond (ms). Degree ( 0 ) was • 329 • employed to measure saccade lengths, and the unit of measurement of velocity was degree/second ( 0 / s). Independent sample t-test was applied to compare the means of fixation stability task and saccade task. Because blinking could affect the free-view task more, blinking time was used as a covariant in the covariant analysis to compare the means. Independent sample t-test was used for the between-group comparison of quantitative demographic data and chi squared was used for between group comparison of the enumeration data. Pearson correlation analysis and partial correlation analysis were conducted on the HAMD scores and HAMA scores with eye movement indexes respectively, and the two-tailed test's significance level α was 0.05.
Results
Clinical data
There were no statistically significant differences in the age, gender or education level between the 60 participants with depressive disorder and the 60 control group participants. Table 1 shows the clinical demographic data and clinical symptoms rating scores.
Fixation stability task analysis
The results of independent sample t-test indicated that compared with controls, patients with depressive disorder showed more fixation times (7.4[3.4] ). There were no statistically significant differences in the anti-saccade duration, the anti-saccade amplitude and the mean anti-saccade velocity between the two groups. Table 3 shows the results of the saccade task. Table 4 shows the results of the freeview task.
Free-view task analysis
Eye movement indices relationship with depression
and anxiety According to the results of correlation analyses for eye movement indices on the fixation stability task In comparison with the control group, *p < 0.05，**p < 0.01 
Discussion
Main findings
The present study employed three simple eye movement tasks (the fixation stability task, the saccade task, the free-view task) to compare the differences in eye movements between patients with depressive disorder and healthy controls. The results indicate that patients with depressive disorder have abnormal eye movements when compared to non-depressed controls. Those with depressive disorder showed poorer fixation stability than healthy controls. In the saccade task, depression group participants' antisaccade latencies were longer, and the peak velocity was smaller, suggesting that the abnormal brain circuits related to anti-saccade led to impairment in eye movement inhibition functioning. Similarly, the fixation times, saccade times and mean fixation duration were abnormal in the free-view task as well. The pro-saccade amplitude and the anti-saccade latency were correlated with anxiety symptoms; while the free-view task was correlated with depression symptoms. The saccade task can examine and reflect individuals' cognitive inhibition function. [10] Cognitive inhibition is referred to as a restrictive effect that an individual's cognitive status has, which adversely influences current cognition and problem solving. The pro-saccade task requires participants to pay attention to new stimuli that occur; while the anti-saccade task requires participants to ignore new stimuli, which inhibits the pro-saccade reflex. [11] Based on the results of the present study, those with depression showed longer latencies and smaller peak velocity in the antisaccade task, which suggests that they needed more time to trigger the inhibition function and more time to coordinate the transaction from the reflective process to the inhibition process. This is indicative of impairment in cognitive inhibition. The results of this study illustrate that advanced cognitive inhibition in patients with depressive disorder can cause difficulties in excluding and processing interference information. [12] Previous research has shown that the impairment in the cognitive inhibition function is correlated with suicide risk in those with depressive disorder, and it is also likely correlated with the motives for suicide and the final decision to commit suicide. [13] In addition, rTMS intervention studies have indicated that after rTMS treatment to the left brain area DLPFC (which is closely related to antisaccades) for 20 days, patients with depression showed improvements not only in mood but also in cognitive functioning. [14] Carvalho and colleagues found that those with depressive disorder showed prolonged latencies in the pro-saccade task. [3] However, in the current study, patients with depressive disorder showed no differences in the pro-saccade task performance when compared with controls. Discrepancies between these results could be attributed differences in sample size, age of participants and participants severity of symptoms in the two studies. It is possible that abnormality of saccade tasks could serve as a status index or feature index for mood disorders. Future studies can continue to explore the pathogenesis of depressive disorder. The fixation stability task requires participants to stably fix their eyes on a fixed point on the screen, and to inhibit the possible pro-saccades and remain staring at the fixed point when interference factors appear. The fixation stability task can reflect the inhibition control function of the brain more easily [15] ; and the ability for high spatial frequency detail recognition reflected by this task can affect people's cognition and recognition of things. Currently, there is little research about fixation stability for those with depressive disorder. Based on the studies about the fixation stability of patients with schizophrenia, it was found that their fixation stability is vastly different from normal people's [16] , and it has been suggested that this abnormality could be a special feature of schizophrenia. [17] The results of the present study show that patients with depressive disorder showed poorer fixation stability than normal controls, indicating that the abnormal fixation stability is not only seen in schizophrenia [18] , but that those with depressive disorder may share similarities in abnormal neural circuitry. Some scholars believe that the impairments in brain inhibition function suggest that individuals may also have attention deficit, working memory deficit and motivation attenuation [17] ; and indeed these deficits are clearly displayed as symptoms of depressive disorder.
The fixation and the saccade tasks constitute the free-view process; the details are obtained by fixations, and the saccades reflect the visual orientation and eye movement control ability. [19] The present study indicates that patients with depressive disorder show longer mean fixation durations and less saccades, suggesting that within the same period of time, those with depressive disorder capture less information than normal controls, that their relevant brain areas in the front lobe process information more slowly than normal controls' [20] , and that their ability to process the physical properties and sensation features of images is different from the normal controls'. [21] Many studies have used positive and negative image content testing to explore how those with depressive disorder process emotional images [22] , and they have found differences in how emotional content is process between those with depression and those with bipolar disorder. [23, 24] Patients with different mental disorders apply different strategies in the free-view task. Research has shown that those with schizophrenia, depressive disorder and bipolar disorder show different attention preferences and fixation strategies in the free-view task, suggesting that the capturing and processing of information are different in different disorders. Therefore, the free-view task deserves further exploration.
In the present study, the correlation analyses showed that pro-saccade and anxiety symptoms were negatively correlated, while anti-saccade and anxiety symptoms were positively correlated. This suggests that the more anxious patients are, the worse their inhibition control functions are. Besides this, fixation times, saccade times and saccade path in the free-view task are negatively correlated with depressive symptoms, while the mean fixation duration is positively correlated with depressive symptoms. This indicates that the abnormality reflected in the free-view task is correlated with the severity of depressive symptoms. Previous research has also indicated that depressive symptoms and free-view processes improve after successful treatment of depression [25] , which supports the results of the present study.
Limitations
The present study has several limitations. First of all, the design of the tasks should have been more pertinent by including content related to the emotions of depressive disorder. Secondly, future research needs to include more cohort studies which make it possible to longitudinally observe the dynamic changes of eye movements of patients with depressive disorder. Besides these, in order to explore the specificity and sensitivity of abnormal eye movements on depression, future studies should include comparison groups with other mental disorders.
Implications
The present study used the fixation stability task, the saccade task and the free view task and found that patients with depressive disorder had abnormalities in their eye movements. These eye tracking tests examine cognitive function, psychomotor function and reaction movement inhibition function, and can also evaluate visual exploration ability, spatial working memory, and emotional reaction inhibition ability. [26] Eye movement studies about depression can explore the pathogenesis, clinical biomarkers, and the methods used to clinically distinguish depression from other mental disorders. [27, 28] Funding National Clinical Key Specialty Construction Project 
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